The new criteria for the weight variation test and the content uniformity test were revised in general tests in the Japanese Pharmacopoeia thirteenth edition (JPXIII) 1, 2) ; in particular, the weight variation test was regarded to be used in place of the content uniformity test when the method directed in the assay is used for determination. It is very important for guaranteeing the quality of the medicines that the individual content of each effective ingredient in the medicine is consistent. Although the applications 2,3) of both tests to over-thecounter (OTC) drugs, such as medicine for coughs, antifebrile and etc., are not studied enough, the content uniformity of the ingredients in the all preparations are usually guaranteed by both tests which are used to determine the uniformity of dosage units.
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If each ingredient in the preparation is not mixed uniformly such as tablets, capsules, and injections to be dissolved or suspended before use, the content uniformity of the respective ingredients can not be evaluated by the weight variation test only. Because the real content uniformity is not concordant with the results in the weight variation test in which the acceptance value is estimated from the content average and the fluctuation of the weights by the assay, the result will be passed in the weight variation test even if the mixing is not enough.
In this study, we inspected whether the weight variation test is displaced relative to the content uniformity test for the content uniformities of OTC drugs obtained from several factories. For example, OTC drugs containing anhydrous caffeine (CF), acetaminophen (AA) and ethenzamide (EB), which are well known as the constituent drugs for cough medicine in Japan, were investigated with both tests using a CF assay. The adaptabilities of the weight variation test and the content uniformity test were carried out as practical applications on the OTC drugs, on the process validation, which were performed in regard to the mixing process, compressing process and packaging process in making the OTC drugs process, simultaneously. We investigated whether the content uniformity could be guaranteed using CF as the prove because the ratio of CF to all ingredients was small, and whether it needed to assure by each ingredient. mobile phase to make 100 ml, and filtered through a 0.2 mm membrane filter. The filtrate was the test sample solution for HPLC assay. (2) Compressing Process. The whole compressing time was divided among five almost equally from the starting to the ending of the compressing the tablets with the batch Thirty tablets were left out and three tablets were used for the assay from each part. The test samples obtained from the compressed tablets on the A, B, C and D were expressed as Ac, Bc, Cc and Dc, respectively. The Ac, Bc, Cc and Dc were weighed accurately and were dropped into 25 ml volumetric flasks. Then ten ml of the IS solution and HPLC mobile phase were added into volumetric flasks. The following procedures were performed in a similar manner to above. (3) Packaging Process. Thirty tablets were collected from packaged tablets on the A, B, C and D, which were expressed as Ap, Bp, Cp and Dp, respectively. The Ap, Bp, Cp and Dp were tested according to the assay on the letter of manufacturing approval of the drug. Briefly, the assay for CF, AA and EB for Ap and Cp were performed as previously described, respectively. [5] [6] [7] The assay for Bp and Dp was performed with an HPLC assay using an octadecylsilanized silica gel column.
Results and Discussion
Sample Sizes and k Values The samples were taken from the mixing process (powder), the compressing process (uncoated tablet), and the packaging process (uncoated or coated tablet). As the controls for the mixing process and the compressing process will influence the quality of the last product, the content uniformity test is performed in the mixing process and the compressing process for guaranteeing the quality of the medicine. In this study, the mixing uniformity of the effective ingredient was evaluated with the fluctuations of fifteen values (nϭ15) which were obtained from five layers and with three values per layer (nϭ3) on the mixed powder. Fifteen values were similarly obtained from the compressing process.
The acceptability constant "k values" are adopted as 2.2 and 1.9 on the content uniformity test and the weight variation test when the sample sizes are 10 and 30, respectively, according to JPXIII. 1) This k value is determined assuming that the consumer's risk is approximately 5 %. 2, 8) If the sample size is not 10 or 30, both tests can be applied with the k value which is determined from the operating characteristic curve statistically, in this study, as the sample size was 15, the k value was adopted 2.0. 2, 9) There are 140 kinds of preparations for OTC cough medicine for adults in the third edition of the OTC ENCYCLO-PEDIA, 10) and CF or caffeine monohydrate, AA and EB CF, which are included in 92 (119), 89 (125) and 26% (36 kinds), are well known ingredients of OTC drugs for cough in Japan. CF or caffeine monohydrate is included in almost all OTC drugs for cough, and it may be able to be used to prove the content uniformity. The components list of the four kinds of medicine (A-D) used in this study are shown in Table 1 . CF, AA and EB were contained 2-3 (in A-D), 10-40 (in A, B and D), and 20% (in A), respectively. The concentration of CF was a smaller proportion against the others than that of AA and EB in each of the four products. The content uniformity of CF, which is an indicator, in a mixed powder will be able to indicate the mixing conditions of other components, because the quantity of CF is very small and its mixing uniformity may be not enough compared with the mixing uniformities of the other effective ingredients.
Analytical Validations of the HPLC Assay As the precision of the assay for use should be confirmed when the fluctuations of the content uniformity of the effective ingredients are mentioned, the validation of the HPLC analytical method was evaluated with regard to CF, AA and EB according to the validation of analytical procedures in general information in JPXIII. The behavior of the retention time of A on the HPLC column is shown in Fig. 1 .
Ingredients other AA, IS, CF and EB were not detected or not separated. The chemical compounds in the extracts of the crude drugs were not assayed and did not interfer with the assay of these ingredients since they are detected before 3 min. This HPLC method has been validated according to validation of analytical procedures in general information in JPXIII as previously described.
11) The resolutions of AA against IS, CF and EB, IS against CF and EB, and CF against EB is 8.8, 20.7, 38.8, 13.3, 36.6 and 27.8, respectively. The number of theoretical plates for AA, IS, CF and EB is 7800, 12900, 13800 and 11300, respectively. Their tailing factors are 97.1, 90.9, 92.5 and 96.3, respectively. Their capacity factors are 0.89, 1.68, 3.28 and 12.19. The linearity and range of CF were confirmed at the maximum concentration in a time of the last product in the four products. The concentrations of AA and EB showed good linearity similar to that of CF. The peak area of the STD solutions were almost unchanged, when the STD solutions were assayed before and after determinations of CF in the test solutions. This HPLC analytical method was well validated for the assay of CF. Recovery tests were performed for all of the test solutions obtained from the mixing process and the compressing process, and the recoveries of CF were about 100% for all determinations, because this test was performed to ensure the confidence of ingredient content, which was estimated values in the assay, in the extracted solution.
Process Validation by Content Uniformity Test and Weight Variation Test Tablets are usually prepared in a procedure composed of weighing process, mixing process, tablet making process (compressing and coating) and packaging process. The ingredients and fillers were confirmed by the inspections of the papers recording their weight data. Thus, their weights were almost 100% against the weighing quantities of the manufacturing direction.
(1) Process Validation about Mixed Powders: The contents of the ingredients of Am-Dm are shown in Table 2 . Each content average except for CF of Am was in the lower limit (90%) or the upper limit (110%) of the quantity control. But one of the content average of CF of Am was 123.0% and exceeded the upper limit of the quantity control and its relative standard deviation (R.S.D.) was 7.77%. An index of process capability (Cpk) 12) is used to indicate the fluctuation of the process against the lower limit and the upper limit. The 680
Vol. 47, No. 5 Cpk value of 1.33 or above expresses that the process capability is sufficiently controlled, and a value of less than 1.00 expresses that the process is not controled enough. The values of CF, AA and EB in Am were 0.39, 3.71 and 3.36, respectively. The mixing conditions of CF in Am was not enough, though the mixing conditions of AA and EB in Am were sufficiently. All of the Cpk values of effective ingredients in Bm, Cm and Dm were more than 1.33, and their mixing process performed successfully.
In spite of the fact that weights of the ingredients and fillers of Am-Dm were confirmed by inspections by each manufacturer, the averages of the contents were not always 100%. The difference between the content before mixing and the content estimated by the assay does not come from an error in the assay, because the assay used was validated and the results of the recovery tests were almost 100%. As the values of the contents and their averages were estimated from three determinations of the assay and the resulting 5 averages, it might be needed to investigate the sampling inspection, for example the number of test samples or number of parts-separation.
The R.S.D. value of CF in Am (7.8%) was more than four times those of the others (0.6-1.6%). The mixing condition of CF in Am was worst among all ingredients of the four medicines [significant difference (pϽ0.05)]. When CF is used as an indicator for the process validation test in these multiple ingredient preparations, the content of CF should have a close relationship with the other ingredients. The correlation coefficients between CF and AA (0.785) in Am, and CF and AA (0.724) in Bm were found, but the correlations between CF and EB (0.0800), AA and EB (0.172) in Am, and CF and AA (0.0787) in Dm were not good. Thus, CF could not be an indicator for mixing conditions, since CF was not always well correlated to the others.
(2) Process Validation for Uncoated Tablets: When the acceptance values of the weight variation test or the content uniformity test are less than or equal to 15.0%, each test is passed. The acceptance values of CF in Ac reveal that the content uniformity test (19.09) was not agreeable but the weight variation test (5.62) was passed ( Table 3 ). The S.D. value of the weight variation test of CF in Ac (0.98) is smaller than that of the content uniformity test of CF in Ac (7.71). The acceptance value of the weight variation test was calculated from the average of the content concentrations and its S.D. value while the acceptance value of the content uniformity test was calculated with individual content concentration and its S.D. value. When the S.D. value of the weights of tablets are so small to pass weight variation test of that tablets, even if its mixing was not done enough. As to CF, the S.D. values of content uniformity test were similar to that of weight variation test as Bc, Cc and Dc, both tests were passed ( Table 3 ). The weight variation test could not be substituted for the content uniformity test when the mixing process was performed enough as CF in Ac. Although the S.D. values of the weight variation test of EB in Ac (0.95) are smaller than that of the content uniformity test of EB in Ac (5.84), the content uniformity test was passed. The other values of the weight variation test, except for CF in Ac and EB in Ac, are similar to those of the content uniformity test, and both tests were passed (data not shown). As the differential evaluations of both tests were observed in Ac, CF could not be used as an indicator.
(3) Process Validation about Last Products: The last products except Bp were not coated, and the weight variation test was applied to them ( Table 4) . As the acceptance values of them were less than 15.0%, the weight variation tests were passed. Although the Bp are sugar coated and thus the weight variation test can not be applied, the value was less than 15.0% and the test was passed when the test was applied.
Relationship between Content Uniformity Test and Weight Variation Test We tried to investigate whether CF, which is a very small quantity compared to the others, could be used as an indicator for guaranteeing the content uniformity of OTC drugs. The relationship of acceptable values between the weight variation test and the content uniformity test of the tablets on the compressing processes is shown in 682 Vol. 47, No. 5 The acceptance values of CF in Ac is plotted over the limit line of the content uniformity test and on the left side of the limit line of the weight variation test. The fluctuation of tablet weight will influence the acceptance value of the weight variation test, and the fluctuation in the mixing process will influence the acceptance value of the content uniformity test. When the plot is in zone A1, both tests are agreeable and it means that the mixing process and the compressing process are satisfactorily performed. In zone A2, although the mixing process is satisfactory, the compressing process is inadequate. In zone A3, the mixing process is inadequate but the compressing process is satisfactory. In zone A4, both the mixing process and the compressing process are inadequate. CF of Ac is plotted in zone A3, although AA and EB of Ac are plotted in zone A1. Therefore CF could not be used as a representative indicator for the other ingredients. For guaranteeing the content uniformity of the OTC drug, the content uniformities of all ingredients should be confirmed.
In conclusion, the applications of both tests were performed with the validated HPLC assay to OTC drugs containing CF for four kinds of tablets. Although all of the ingredients should be assayed and tested essentially, we tried to determine whether CF could be used as an indicator for the content uniformity test and the weight variation test, because the weight of CF is quite small. But CF could not be used as an indicator. As the mixing process and the tablet making process are important for guaranteeing the quality of medicine, we sampled from the mixed powders, the uncoated tablets and the final products in each process. Then the contents of the effective ingredients in the mixing powder and the uncoated tablet were assayed, and the content uniformities could be confirmed by testing with the content uniformity test. At present, the weight variation test is regarded in place of the content uniformity test, therefore the weight variation test was carried out for the uncoated tablet obtained from compressing process. We have had one experience where uncoated tablets did not pass the content uniformity test, in spite of passing the weight variation test. This result means that the content uniformity of the ingredients in the tablets can not be assured with only the agreement of the weight variation test for the tablets. In the case of the tablet composed of various effective ingredients, it is necessary for guaranteeing the content uniformity of the tablets not only to pass the weight variation test of the last products but also to confirm the content uniformity in the mixing process.
